Abstract Objectives: Randomized controlled trials (RCTs) deliver robust internally valid evidence but generalizability is often neglected. Design features built into the Prostate testing for cancer and Treatment (ProtecT) RCT of treatments for localized prostate cancer (PCa) provided insights into its generalizability.
ORIGINAL ARTICLE
A prospective cohort and extended comprehensive-cohort design provided insights about the generalizability of a pragmatic trial: the ProtecT prostate cancer trial 
Key findings
Decisions taken when designing the ProtecT prostate cancer (PCa) treatment trial and linked Cluster randomized trial of PSA testing for prostate cancer screening trial enabled the collection of data to assess the representativeness of the prospective study of prostate-specific antigen testing and generalizability of the findings of the ProtecT RCT.
Adding the extended comprehensive-cohort study comprising all men diagnosed with PCa, including those who chose a treatment or were ineligible for the RCT with advanced cancer or comorbidities as well as those randomized in ProtecT, allowed the assessment of the generalizability of the trial's findings to patients diagnosed with PCa in routine care.
What this adds to what was known?
Aspects of the generalizability of pragmatic RCTs can be evaluated through initiatives at the design phase, such as assessing factors associated with participation at various stages through a preceding prospective study and/or collecting data from those choosing treatments or excluded from the trial according to eligibility criteria, although these decisions will have time and resource implications.
Including an innovatively extended comprehensive-cohort study of all men diagnosed with a condition like PCa can enable assessment of important similarities and differences between the randomized group and those who choose a treatment in standard practice or with aspects of advanced cancer or comorbidities that preclude trial participation, providing insights into the applicability of the RCT to patients in routine practice.
What is the implication and what should change now?
Greater attention should be devoted at the design stage of pragmatic RCTs to ensure that appropriate data are collected to support later judgments by clinicians and policy-makers about the generalizability of the findings of an RCT to patients in routine clinical practice.
1. Introduction
Pragmatic RCTs and generalizability
Randomized controlled trials (RCTs) offer the most rigorous way to evaluate the effectiveness of treatments, but there are often concerns about the generalizability of findings [1e3] . A real or perceived lack of relevance to patients in routine care contributes to the slow or limited uptake of RCT evidence into practice [4, 5] . RCTs remain the primary design for evaluation because random allocation of participants to treatment groups helps ensure against selection bias. Whether and to what degree the findings of an RCT can then be generalized to patients in similar or different settings or with different but related disease characteristics requires judgments, including reflection on the evidence from a new study in relation to prior knowledge, statistical reasoning, biological plausibility, and interpretations of the impact of eligibility criteria of the RCT in the context of contemporary clinical practice [3] .
Decisions at the design stage of an RCT can facilitate or inhibit later judgments about the generalizability and clinical relevance of the findings. The PRagmatic Explanatory Continuum Indicator Summary-2 (PRECIS-2) tool was developed to support trialists in making decisions to position an RCT along the continuum between explanatory efficacy approaches in ideal circumstances and pragmatic designs evaluating effectiveness within ''realworld'' naturalistic settings [6] . There is consensus about the value of pragmatic designs in informing clinical decision-making, but there has been considerable recent debate in this journal about how best to design such RCTs and the role of the PRECIS-2 tool [7e11]. In addition, a recent series has sought to provide theoretical and practical guidance to promote operational feasibility in pragmatic RCTs [12, 13] .
Pragmatic RCTs need to closely resemble the population and clinical practice they aim to influence to ensure they retain the advantages of randomization while adding the ability to produce findings that are generalizable. However, during the implementation of such RCTs, unanticipated challenges often arise in relation to recruitment, setting, equipoise, or other aspects of RCT conduct, or changes in clinical practice [10] . Judgments about the generalizability of an RCT require knowledge about local health and care conditions, and trialists may not be best placed to do this [7] . To ensure that evidence-based judgments can be made, trialists also need to ensure that their design allows the collection of data that will later facilitate the assessment of the RCT findings' generalizability and clinical relevance. We were able to collect such data in linked RCTs in the area of prostate cancer (PCa).
Evaluating screening and treatment for prostate cancer
PCa is a major cause of death for older men, and although the prostate-specific antigen (PSA) blood test provides the opportunity to identify the disease at a stage when it could be cured, screening detects many tumors that will not become clinically important and so receive unnecessary radical/curative treatments that cause damaging sideeffects. Previously published RCTs have focused either on screening or treatment and have contributed valuable knowledge but not provided consistent findings [14e17]. In the mid/late 1990s, we designed two interlinked pragmatic RCTs aiming to inform policy for PCa screening and treatment practice:
(a) Cluster randomized trial of PSA testing for prostate cancer (CAP): The Cancer Research UK/UK Department of Health, CAP employed cluster randomization of general practices in a Zelen design to create an intervention arm comprising a prospective study of men undergoing PSA testing and a control arm of usual National Health Service (NHS) care without organized PSA testing ( Fig. 1 ; baseline details [18] ). (b) ProtecT: The National Institute for Health Research, ProtecT (Prostate testing for cancer and Treatment) RCT evaluated the effectiveness and costeffectiveness of the three major standard treatments for clinically localized PCa diagnosed during the prospective study of PSA testing: radical surgery, radical external-beam radiotherapy, and active monitoring ( Fig. 1 ; baseline details [19] ).
These RCTs were intended to be pragmatic in design, and knowing that the primary outcomes would not be published until a median of 10 years' follow-up, decisions were taken at the design stage to provide data to facilitate the later evaluation of the generalizability and clinical relevance of the findings.
Initially, a feasibility study was undertaken to investigate whether it was possible to recruit men from the community to have a PSA test and then randomize those diagnosed with clinically localized PCa into a treatment trial. When this feasibility was assured [20] , the CAP RCT was initiated to evaluate screening. The population-based cluster design of CAP created an intervention arm comprising a prospective study of PSA testing within which the ProtecT RCT of treatments was embedded (Fig. 1) . As recruitment to ProtecT was anticipated to be particularly challenging because of randomization between surgery, radiotherapy or no immediate treatment (active monitoring), an integrated recruitment study was undertaken [21] and a comprehensive-cohort study as in [22] to follow-up men who declined randomization and chose a treatment alongside those who agreed to be randomized. The comprehensive cohort was then extended to include all men diagnosed with PCa during the prospective study but excluded from the treatment trial because of advanced PCa or comorbiditydmany of these men would have received one of the study treatments in usual practice (although they would not be eligible for all three as in the RCT).
The collection of individual participant sociodemographic, symptomatic, and clinical data at baseline in the prospective study of PSA testing enabled the investigation of the representativeness of the study population and selection factors at each stage of response and clinical eligibility. These data provide information to enable judgments about the generalizability and clinical relevance of the findings of the recently published ProtecT primary outcomes [23, 24] . This article presents the data generated by the CAP/ProtecT design features, their limitations, and the insights that they can provide; with brief consideration of the value and practicality of such design features in pragmatic RCTs more generally to inform assessments of generalizability.
Methods

The CAP randomized controlled trial
Cluster randomization of more than 900 primary-care centers in the UK created an intervention arm of men aged 50e69 years invited to PSA testing and a control arm of usual NHS care without organized PSA testing, followed-up using routinely collected mortality data [18] (Fig. 1) . There was no evidence of differences between primary-care centers agreeing or declining to participate in CAP or between men in the intervention and control practices [25] . The CAP intervention arm provided a population-based framework for the recruitment of men into the prospective study of PSA testing and ProtecT treatment RCT.
ProtecT prospective study of PSA tesing
Men aged 50e69 years registered in primary-care centers were sent one invitation to attend an appointment to discuss PSA testing and the ProtecT RCT. Data available to compare responders and nonresponders to the appointment and PSA testing were restricted to date of birth and postcode. While men who responded to the invitation were similar to nonresponders, except for being slightly less deprived [26] , data to evaluate more detailed characteristics of nonresponders were not available. Men attending an appointment who consented to a blood test for PSA had socio-demographic and clinical history information collected and completed a brief study questionnaire, with a more detailed questionnaire requested from men later undergoing prostate biopsies [27] . Comparisons were made between those participating or not at each stage through exclusion or choice, to provide insights about representativeness and generalizability.
ProtecT RCT recruitment and comprehensivecohort study
Men diagnosed with clinically localized PCa through the PSA-testing study and meeting the inclusion/exclusion criteria were eligible for recruitment to the ProtecT RCT. They attended an appointment with an urologist for the diagnosis and basic information and received detailed information about treatment options and the ProtecT RCT from a research nurse. Men were asked if they would consent to random allocation of treatment. If they declined randomization, they chose a treatment and were included in the comprehensive cohort (Fig. 2) , followed-up identically to the randomized.
ProtecT extended comprehensive-cohort study
Men diagnosed with PCa but excluded from the RCT because they had advanced cancer or were not eligible for all three treatments were included in the extended comprehensive cohort (Fig. 2 ).
Statistical analysis
Socio-demographic information and data from the participant questionnaires were used to compare the baseline characteristics of the men at different stages of response and eligibility in the prospective PSA-testing study to assess response and selection (comparisons 1e5 Fig. 1 ) and to compare the randomized group with those choosing their treatment, diagnosed with advanced cancer or excluded from the RCT for other reasons (comparisons 6e8, Fig. 2 ).
All statistical analyses were completed using STATA, version 14.1. For continuous socio-demographic variables, medians and interquartile ranges were reported with ManneWhitney tests to analyze differences between groups. Questionnaire data were presented with means and standard deviations. Between-group comparisons were carried out to investigate whether baseline characteristics differed between those proceeding through PSA testing and PCa diagnosis or excluded or choosing not to participate in the prospective cohort; and between the randomized and other groups in the extended comprehensive cohort. With ceiling effects evident at baseline, each continuous comparison was tested using a nonparametric ManneWhitney test. For binary variables, such as previous PSA test, groups were compared using logistic regression. Ordered categorical variables such as occupation and cancer staging were analyzed using ordinal logistic regression with the most-desirable/least-worse category as the base comparator. Adjustment for age and center in the logistic and ordinal logistic models did not influence overall conclusions. Given the sample size and large number of tests, greater attention was given to descriptive statistics rather than P-values: for continuous variables, we considered with interest but caution differences 0.5 standard deviations; similarly for categorical variables with differences that resulted in a risk ratio of 0.9.
Results
Prospective study of PSA testing and PCa diagnosis
In total, 122,502 men responded to the invitation for a PSA test, and 100,444 attended. Those who explicitly refused to attend (5,954) or did not attend after agreeing to do so (16,104) lived in more deprived areas than attenders (comparison 1, Fig. 1 , Table Web 1 on the journal's website at www.elsevier.com). Men who attended but declined the PSA test (10, 350) or were ineligible (7,665) also lived in more deprived areas than those who attended (comparison 2, Fig. 1 ). Eighty-two thousand four hundred thirty men attended and received a PSA test (36% of those invited) (Fig. 1 , Tables 1 and 2 and Web 1 on the journal's website at www.elsevier.com).
At each of the stages of PSA testing, biopsy, and PCa diagnosis, the groups eligible for the RCT were very similar to those excluded in terms of socio-demographic characteristics (comparisons 3e5 Fig. 1 ). Expected clinical relationships were found, such as a positive relationship between PSA and age, and weak evidence for family history of the disease and diagnosis (Table 1) . It was notable that those more likely to have a high PSA-test result or diagnosis of PCa were less likely to have previously had a PSA test or urological treatment (Table 1) .
ProtecT recruitment and comprehensive cohort
Overall, 3,221 men were diagnosed with PCa: 2,896 in the prospective study and 325 during the feasibility phase (Fig. 2) . A total of 2,664 (83%) had clinically localized PCa (stage T1/T2) and were eligible for inclusion in the ProtecT RCT. An integrated recruitment study was undertaken to understand the issues underlying recruitment difficulties and provide improvements to study information and presentation. This increased the percentage consenting to randomization from 30% in the early stages to 62% at completion [21] . The comprehensive cohort comprised:
ProtecT randomized cohort: 1,643 men (62%) who consented to randomization to the ProtecT RCT comparing active monitoring, surgery, and radiotherapy. ProtecT ''treatment-choice'' cohort: 997 men (38%) who declined randomization and chose their treatment (273 surgery, 133 radiotherapy, 529 active monitoring, and 62 other options not included in the RCT [brachytherapy and high-frequency ultrasound]).
The ''treatment-choice'' group was very similar to the randomized in relation to clinical and socio-demographic characteristics, except that those who chose treatment were more likely to be in managerial/professional occupations than the randomized (53% vs. 42%), less deprived (11% vs. 15%) (Table 3) , and more likely to have had a previous PSA test (18% vs. 14%). The groups were almost identical in response to general health measures and symptom scores (Table 4) .
Extended comprehensive-cohort study
The following were excluded from randomization:
Two hundred sixty-seven (8%) with advanced cancer (stage T3 or higher). Two hundred ninety (9%) because they were considered unsuitable for the treatments for other reasons, mostly comorbidities.
As expected, the 267 ''advanced cancer'' group had much higher PSA levels, cancer stage (95% T3), and PCa grade (71% Gleason 7 or more) than those randomized ( Table 3) . They were very similar to the randomized group in terms of socio-demographic characteristics and health and symptom scores, although much less likely to have had a previous PSA test (7% vs. 14%) ( Table 3 ). The 290 ''excluded other'' group had higher grade (37% vs. 23% Gleason 7 or higher) and stage (38% vs. 24% T2) PCa than those randomized, although not as high as the ''advanced cancer'' men. They were similar to the randomized group in terms of socio-demographic characteristics and clinical history, although more likely to have had previous urological treatment (Table 3 ) and as expected, slightly poorer health status with more depression and some worse urinary symptoms (Table 4) (Fig. 2, Tables 3 and 4 ).
Discussion
The major aim of pragmatic RCTs is to produce findings that are clinically relevant and generalizable beyond the specific participants. The ProtecT RCT was designed to evaluate the effectiveness of treatments for clinically localized PCa and was embedded in the intervention arm of the CAP RCT evaluating population screening. The ProtecT RCT was designed in the late 1990s, more than 15 years before the results were published [23, 24] , aiming to be pragmatic and with design features that provided opportunities to collect data that can now be used to produce insights into the representativeness of the PSA-tested cohort in relation to the general population of men aged 50e69 years and the generalizability of the ProtecT treatment RCT findings to patients diagnosed with PCa in clinical practice.
The CAP cluster randomization of primary-care practices created comparable intervention and control arms, and so men invited to the prospective study of PSA testing were representative of the population of men aged 37 (2) 52 (19) 19 (7) 24 ( 278 (20) 47 (23) 51 (22) 180 ( (26) 58 (28) 66 (28) 211 (24 50e69 years [18] . However, the Zelen design then prevented access to data from potential participants who did not respond to the invitation to PSA testing or would have been excluded with serious comorbidities by primary-care physicians. Those who attended for PSA testing were probably representative of healthy men aged 50e69 years likely to respond to screening, rather than all men of the same age. While this would not seriously affect the generalizability of the ProtecT RCT to men fit for radical treatments, it remains a limitation in relation to the wider range of men diagnosed with PCa in routine practice. Extending the comprehensive cohort enabled follow-up of some less-fit men and those with more advanced disease. The prospective study of PSA testing served as a recruitment framework for the ProtecT treatment RCT, and baseline data collected during testing and PCa diagnosis allowed the exploration of response and clinical factors that might affect the generalizability of the RCT findings. Very few differences were evident between eligible and ineligible groups (other than expected clinical factors), although men who declined diagnostic tests were slightly more materially deprived than consenters. Similarly, in the comprehensive cohort, men who chose treatments (''treatment-choice'' group) were more likely to be in professional occupations and less materially deprived than those agreeing to randomization, but were otherwise almost identical. In the extended comprehensive cohort, socio-demographic characteristics were very similar between the randomized and ''advanced cancer'' or ''excluded-other'' groups, but the groups were different clinically, representing a wider range of patients who would receive the RCT treatments or other approaches such as hormone therapy in routine practice.
This study had several strengths and limitations. Many RCTs fail to include sufficient numbers of older people, women, ethnic minorities, and those with greater deprivation [28] . The prospective study recruited in areas outside London with very small numbers from ethnic minorities, and participation rates were proportionate to those populations [27] . The lack of diversity is a limitation in terms of wider representativeness, although treatment outcomes have recently been shown to be similar between ethnic groups in the United States [29] . More deprived individuals were less likely to respond at each stage in the prospective study, suggesting that new approaches to encourage participation of these groups are required.
Recruitment is challenging for many RCTs [30] . It has been suggested that pragmatic RCTs requiring ''usual care'' comparators should be embedded in prospective cohort studies in which participants have already consented to take part: ''cohort multiple RCTs'' [31] . This design could allow many RCTs to be conducted, although only among those agreeing to multiple study participation and thus not addressing important issues of response bias. Other design solutions to recruitment difficulties include ''preference'' designs where intervention preferences are elicited, and those without strong views are randomized [32] , or comprehensive cohorts, where those who decline randomization and choose a treatment are also followed-up alongside those randomized [22] . Each design raises ethical and practical issues, but successful examples [33] indicate that they can produce considerable data to assess generalizability and so should be further explored practically and methodologically.
Baseline characteristics were well balanced between the arms in both CAP [18] and ProtecT [19] RCTs, with high levels of retention and follow-up indicative of good internal validity and the robustness of the findings. Another strength of ProtecT was the high level of randomization of eligible participantsdat 62%, much higher than the similar Prostatectomy versus Observation Trial (14.6%) [17] and most other cancer RCTs [34] . This was achieved by the integration of qualitative research to optimize recruitment and informed consent [21, 35] and dedicated staff training [36] . Men who declined randomization were very similar to the randomized in almost every aspect, except for having more professional occupations and lower deprivation. These patients, choosing treatments as they would in usual care, along with the extended comprehensive cohort of patients excluded from the RCT but likely to be encountered in routine care, will provide many opportunities for analysis of clinical relevance and generalizability in due course.
It will be important to assess the impact of changes in PCa diagnosis since recruitment, such as the introduction of multi-parametric magnetic resonance imaging [37] . There have also been changes in treatment techniques, including robot-assisted surgery and developments in radiotherapy and methods of active surveillance, although recent evaluations of short-and medium-term oncological and patient-reported functional outcomesdexpected to be better with newer techniquesdhave produced remarkably similar results to ProtecT [38e40], suggesting ProtecT's continuing clinical relevance. A recent English national audit showed that the majority of patients receiving surgery in 2014e2015 had a much higher grade and stage profile than those in ProtecT [41]dbut the audit included men diagnosed clinically with symptoms as well from lowbackground PSA testing (around 6% p.a. in the UK [42] ).
The small number of men with high-risk PCa randomized in ProtecT is a limitation, but some of these were included in the extended comprehensive cohort ''advanced'' and ''excluded'' groups, followed-up observationally [43] . The prospective study suggested that other high-risk men had moved earlier into routine care through previous PSA testing or urological treatment (Table 1) , and others would be among those who declined the PSA-test invitation at the outset. The ProtecT findings are likely to be most relevant for men with low-and intermediate-risk PCa and fit for treatment, who represent a large proportion of cases diagnosed in the UK, and even higher proportions in many parts of Europe and North America where higher levels of PSA testing occur.
The PRECIS-2 tool provides support for trialists to discuss intentions to be more or less pragmatic and be clearer about the influence of design choices on applicability [6] , but some have suggested that, although useful, this is only the first stage, and that operational challenges (and solutions) during trial conduct can have a greater impact on a trial's generalizability [10, 13] . The ProtecT and CAP RCTs were designed long before these tools/ guidelines were available. Although they would undoubtedly have been helpful, we would suggest that alongside these tools/guidelines at the design stage, trialists should also ensure that they collect robust data that will later permit evidence-based insights into generalizability.
Such design decisions will inevitably have an impact on resources, but adding comprehensive-cohort studies and extending them as in this study are likely to provide considerable added value at relatively little cost. A real or perceived lack of relevance to patients in routine care continues to contribute to the slow or limited uptake of RCT evidence into practice [4, 5] . Pragmatic RCTs need to provide applicable evidence, and initiatives such as those reported in this study are needed to provide evidence to increase clinicians' and policy-makers' confidence in the generalizability of trial findings.
Conclusions
Even the most pragmatic RCTs have limitations in terms of generalizability, but it is usually difficult to determine whether these relate to decisions made at the time of design, during trial conduct, or because of changes in clinical practice. Although some of these issues may be mitigated through the use of tools such as PRECIS-2 or guidelines when making design decisions, the scale and scope of most pragmatic RCTs mean that unanticipated limitations will arise before the outcomes are published. The assessment of the generalizability of the findings of an RCT requires wide-ranging judgments about the design and conduct of the RCT, the characteristics of its participants, and the relevance of the interventions and outcomes in the context of contemporary clinical practice. The embedding of the ProtecT RCT in a prospective study and with an extended comprehensive cohort, enabled data to be collected to support evidence-based judgments by clinicians and policy-makers about the generalizability of the randomized outcomes to patients in routine practice. With increasing willingness to undertake pragmatic RCTs to inform policy and practice, and tools to assist design and implementation, attention now also needs to be devoted to ensuring the collection of data that will provide insights into the generalizability of the randomized findings and facilitate the application of evidence more easily into clinical practice.
